INTRODUCTION {#s1}
============

Non-traumatic osteonecrosis of the femoral head (ONFH) is a painful and progressive disorder of the hip joint, mainly affecting middle aged individuals 30-50 years old. Genetic polymorphisms are gene variations found in about 1% of the general population, where they influence protein translation and the expression of related genes to contribute to disease susceptibility \[[@R1]\]. It is believed that genetic polymorphisms may be crucially involved in non-traumatic ONFH \[[@R2]--[@R4]\].

Matrix metalloproteinases (MMPs) are a family of 23 Zn^2+^-dependent endopeptidases. Their primary activities involve hydrolysis of the protein components of connective tissues such as extracellular matrix (ECM) and basement membranes \[[@R5]\]. MMPs can be subdivided into matrilysins, stromelysins, gelatinases, and collagenases \[[@R6]\]. The actions of MMPs in pathology can be grouped into three types: (1) destruction of tissue (2) fibrosis (3) matrix weakening \[[@R6]\]. MMP-2 (gelatinase A) and MMP-9 (gelatinase B) constitute the gelatinase subgroup \[[@R7]\]. Within bone, bone marrow mesenchymal stem cells differentiate into osteoclasts and osteoblasts. Balanced bone resorption by the osteoclasts and bone formation by the osteoblasts sustains skeletal homeostasis. Both MMP-2 and -9 are produced by the osteoblasts, and MMP-9 is additionally produced by osteoclasts \[[@R8]\]. Among the substrates of these two enzymes are type I collagen and aggrecan, which are components of cartilage \[[@R9]\]. In addition, collagen type I is a major component of the bone ECM, and its loss correlates with bone resorption \[[@R10], [@R11]\]. It has therefore been suggested that MMP-2 and -9 may be associated with non-traumatic ONFH.

MMP-2 is the most widely expressed MMP \[[@R12]\]. It has been detected in nearly all tissues and cells. By contrast, expression of MMP-9 is limited to macrophages, monocytes, keratinocytes, and polymorphonuclear cells \[[@R12]\]. During normal bone remodeling, the activities of MMP-9 contribute to the regulation of apoptosis of hypertrophic chondrocytes and growth plate angiogenesis \[[@R13], [@R14]\]. Notably, expression of both MMP-9 and MMP-2 is enhanced in the joints of patients with rheumatoid arthritis \[[@R9], [@R15]\], while MMP-9 is overproduced in the osteoarthritic bone tissue \[[@R12], [@R16]\]. Similarly, levels of MMP-2 and protein are up-regulated in patients with non-traumatic ONFH, though the precise functions neither enzyme has yet to be defined.

In previous case-control studies, we genotyped eight *MMP9* and *MMP2* single-nucleotide polymorphisms (SNPs; rs3918249, rs2274755, rs3918254, rs243832, rs1053605, rs243849, rs243847, rs7201) that are associated with rheumatoid arthritis \[[@R9]\], glaucoma \[[@R17]\], asthma \[[@R6]\], thoracic aortic dissection \[[@R18]\], steroid-induced osteonecrosis \[[@R19]\], myopia, refractive error, ocular biometric measures \[[@R20]\], psoriasis vulgaris \[[@R21]\], endometriosis \[[@R22]\], obesity \[[@R23]\], and alcohol-induced osteonecrosis of the femoral head \[[@R24]\]. The aim of the present study was to identify the associations between these eight SNPs and the susceptibility to non-traumatic ONFH in a Chinese Han population.

RESULTS {#s2}
=======

We designed a case-control study examining the potential association between *MMP2* and *MMP9* polymorphism and non-traumatic ONFH in 585 non-traumatic ONFH patients (472 Male, 113 Female) and 507 healthy controls (111 female, 396 male). Gender and age distributions for ONFH patients and controls are shown in Table [1](#T1){ref-type="table"}. The cases and controls were matched with respect to gender (p = 0.293) and were adjusted based on age. Primers and PCR product sequences are shown in Table [2](#T2){ref-type="table"}.

###### Characteristics of cases and controls in male individuals

  Variable                Cases          Controls      *p* Value
  ----------------------- -------------- ------------- ------------
                          n=585          n=507         
  Alcohol                 285                          
  Steroids                300                          
  Sex                                                  0.293^a^
    Male                  472(80. 7%)    396(78.1%)    
    Female                113(19.3%)     111(21.9%)    
  Age, year (mean ± SD)   42.61±12.951   47.43±9.739   \<0.001^b^

*p* ≤ 0.05 indicates statistical significance.

^a^*p* Two-sided Chi-squared test.

^b^*p* Independent samples t test.

###### Primers used for this study

  SNP ID      1st-PCR primer sequences         2nd-PCR primer sequences         UEP sequences
  ----------- -------------------------------- -------------------------------- ----------------------------
  rs3918249   ACGTTGGATGAAGCACTGGTGTCTGGAAAG   ACGTTGGATGGATTACAAGTGTGAGCCGTC   gaaGTCATGCCCAGCAGGGACTA
  rs2274755   ACGTTGGATGGGGAGAGAATGAAGGGAATC   ACGTTGGATGTTCGACGATGACGAGTTGTG   gCTGGGCAAGGGCGTCGGT
  rs3918254   ACGTTGGATGTCTTCGGCTTCTGCCCGAC    ACGTTGGATGCAATACATGATGAGAGGGCG   CTGGTAGACAGGGTGGA
  rs1053605   ACGTTGGATGCGTAGCTGCTCCATAAATAG   ACGTTGGATGACAGAGAGAATTTCAGTCCG   gaCGGTAAGCAATGTAATTCATTTCA
  rs243849    ACGTTGGATGCTCAAAGTTGTAGGTGGTGG   ACGTTGGATGAAGGAGTACAACAGCTGCAC   AACAGCTGCACTGATAC
  rs243847    ACGTTGGATGTACCTTGGTCAGGGCAGAAG   ACGTTGGATGAGTGACGGAAAGATGTGGTG   ACAGCCAACTACGATGA
  rs243832    ACGTTGGATGAAGACAAGAGCAGTGACCCC   ACGTTGGATGCCAAAATCAGACCCTGGTAG   ccTGCTGCTACTCACCTCC
  rs7201      ACGTTGGATGTCCAATCCCACCAACCCTCA   ACGTTGGATGGCAGGGCTGCGTTGAAAATA   aAGGGCTGCGTTGAAAATATCAAAG

All eight *MMP2* and *MMP9* SNPs were in Hardy-Weinberg equilibrium (p \< 0.05). We found that *MMP*9 rs2274755 (OR, 0.740; 95% CI, 0.578-0.949; p = 0.017) was associated with a decreased risk of non-traumatic ONFH (Table [3](#T3){ref-type="table"}). The association of *MMP9* SNPs with the risk of non-traumatic ONFH was tested in dominant, recessive, codominant, overdominant, and log-additive models (Table [4](#T4){ref-type="table"}). The rs2274755 polymorphism in *MMP9* conferred a protective effect against non-traumatic ONFH in the dominant (OR = 0.71, 95% CI: 0.54-0.94, p = 0.016), overdominant (OR = 0.73, 95% CI: 0.55-0.96, p = 0.026) and log-additive (OR = 0.74, 95% CI: 0.57-0.95, p = 0.017) models. After adjusting for age and gender, our analyses showed the association between rs2274755 an non-traumatic ONFH conferred a protective effect in the codominant "G/T" model (OR = 0.70, 95% CI: 0.52-0.93, p = 0.040), the codominant "T/T" model (OR = 0.65, 95% CI: 0.25-1.68, p = 0.040), the dominant model (OR = 0.70, 95% CI: 0.52-0.92, p = 0.011), the overdominant model (OR = 0.71, 95% CI: 0.53-0.94, p = 0.018), and the log-additive model (OR = 0.72, 95% CI: 0.56-0.94, p = 0.013).

###### Allele frequencies in cases and controls and odds ratio estimates for non-traumatic ONFH

  ------------------------------------------------------------------------------------------------------------------
  SNP         Gene     Locus      Alleles\   MAF     HWE *p*^*a*^ value   ORs     95%CI   *p*^*b*^ Value   
                                  (A/B)                                                                    
  ----------- -------- ---------- ---------- ------- -------------------- ------- ------- ---------------- ---------
  rs3918249   *MMP9*   20q13.12   T/C        0.297   0.322                0.613   0.886   0.739-1.062      0.191

  rs2274755   *MMP9*   20q13.12   T/G        0.116   0.151                0.729   0.740   0.578-0.949      0.017\*

  rs3918254   *MMP9*   20q13.12   T/C        0.203   0.187                0.664   1.102   0.891-1.363      0.372

  rs1053605   *MMP2*   16q12.2    T/C        0.112   0.129                0.843   0.850   0.656-1.100      0.217

  rs243849    *MMP2*   16q12.2    T/C        0.191   0.167                1.00    1.177   0.945-1.468      0.146

  rs243847    *MMP2*   16q12.2    C/T        0.415   0.405                0.117   1.042   0.879-1.237      0.634

  rs243832    *MMP2*   16q12.2    C/G        0.362   0.382                0.347   0.921   0.774-1.096      0.353

  rs7201      *MMP2*   16q12.2    C/A        0.245   0.255                0.349   0.950   0.782-1.154      0.603
  ------------------------------------------------------------------------------------------------------------------

SNP: single nucleotide polymorphism, HWE: Hardy-Weinberg equilibrium, OR: odds ratio, 95% CI: 95% confidence interval, MAF: minor allele frequency.

^a^*p* was calculated by fisher\'s exact test.

^b^*p* was calculated by Pearson Chi-squared test.

A/B=minor/major alleles.

The SNPs were excluded at HWE *P* level of 5%.

###### Genotypic model analysis of relationship between rs2274755 and ONFH risk

  Model              Genotype   Control       Case          Without adjustment   With adjustment   AIC                  BIC                
  ------------------ ---------- ------------- ------------- -------------------- ----------------- -------------------- --------- -------- --------
  **Codominant**     G/G        364 (71.8%)   457 (78.1%)   1                    0.053             1                    0.04\*    1508.4   1523.4
                     G/T        133 (26.2%)   120 (20.5%)   0.72 (0.54-0.95)                       0.70 (0.52-0.93)\*                      
                     T/T        10 (2%)       8 (1.4%)      0.64 (0.25-1.63)                       0.65 (0.25-1.68)                        
  **Dominant**       G/G        364 (71.8%)   457 (78.1%)   1                    0.016\*           1                    0.011\*   1506.4   1516.4
                     G/T-T/T    143 (28.2%)   128 (21.9%)   0.71 (0.54-0.94)                       0.70 (0.52-0.92)\*                      
  **Recessive**      G/G-G/T    497 (98%)     577 (98.6%)   1                    0.43              1                    0.47      1511.6   1521.6
                     T/T        10 (2%)       8 (1.4%)      0.69 (0.27-1.76)                       0.70 (0.27-1.83)                        
  **Overdominant**   G/G-T/T    374 (73.8%)   465 (79.5%)   1                    0.026\*           1                    0.018\*   1507.3   1517.3
                     G/T        133 (26.2%)   120 (20.5%)   0.73 (0.55-0.96)                       0.71 (0.53-0.94)\*                      
  **Log-additive**   ---        ---           ---           0.74 (0.57-0.95)     0.017\*           0.72 (0.56-0.94)\*   0.013\*   1506.5   1516.5

*p*\* ≤ 0.05 indicates statistical significance.

*p* values were calculated by Wald test by unconditional logistic regression adjusted for age and gender.

AIC = Akaike Information Criterion.

BIC = Bayesian Information Criterion.

In addition, the haplotype frequencies of rs3918249, rs2274755 and rs3918254 exhibited an association with non-traumatic ONFH risk "TGC" (Freq = 0.309, OR = 0.79, p = 0.028) and "CTC" (Freq = 0.132, OR = 0.65, p = 0.003). Moreover, the candidate SNP in *MMP*9 showed a strong linkage in the Haplotype analysis (Figure [1](#F1){ref-type="fig"}). The results of the association between the *MMP*9 haplotype and the risk of non-traumatic ONFH are listed in Table [5](#T5){ref-type="table"}. Haplotype "TGC" (OR 0.79; 95 % CI 0.64 - 0.97; p = 0.028) and "CTC" (OR 0.65; 95 % CI 0.49 - 0.86; p = 0.0027) were found to be associated with a decreased risk of non-traumatic ONFH after adjusting the figures based on age and gender. We found no associations between the *MMP*2 polymorphisms and the risk of non-traumatic ONFH.

![Linkage disequilibrium (LD) plots containing three SNPs from MMP9\
Red squares display statistically significant associations between a pair of SNPs, as measured by D'; darker shades of red indicate higher D'.](oncotarget-08-82835-g001){#F1}

###### The haplotype frequencies of MMP9 polymorphisms and their association with non-traumatic ONFH risk

  Haplotype   Freq   OR^a^ (95% CI)   OR^b^(95% CI)   *p*^a^               *p*^b^                         
  ----------- ------ ---------------- --------------- -------------------- -------------------- --------- ----------
  9           5      4                                                                                    
  C           G      C                0.3636          1                    1                    ---       ---
  T           G      C                0.3086          0.81 (0.66 - 1.00)   0.79 (0.64 - 0.97)   0.047\*   0.028\*
  C           G      T                0.1955          0.96 (0.75 - 1.22)   0.92 (0.72 - 1.18)   0.72      0.52
  C           T      C                0.1323          0.68 (0.52 - 0.89)   0.65 (0.49 - 0.86)   0.0051    0.0027\*

\**p* ≤ 0.05 indicates statistical significance.

a= crude analysis data.

b= adjusted by Gender and Age.

DISCUSSION {#s3}
==========

Genetic research has provided new insight into non-traumatic ONFH. Several SNPs reportedly associate with the susceptibility to non-traumatic ONFH \[[@R25]\]. In the present study, we showed that genetic variation in the *MMP9* promoter associates with non-traumatic ONFH in a Chinese Han population. Our main findings suggest *MMP9* SNP rs2274755 associates with a decreased risk of non-traumatic ONFH. Haplotype analysis revealed three blocks in rs3918249, rs2274755, and rs3918254 that showed the "TGC" haplotype had strong linkage disequilibria with less risk of non-traumatic ONFH than the "CGC" wild-type. On the other hand, we detected no association between *MMP2* genetic variation and non-traumatic ONFH.

In *MMP2*, the SNPs are located on chromosome 16q13-q21; in *MMP9* they are located on chromosome 20q11.2-q13.1. *MMP9* SNP rs2274755 is located within an intron (boundary), which is consistent with it playing an important role in the development of non-traumatic ONFH. Jimenez-Morales et al. \[[@R6]\] reported that rs2274755 is associated with the risk for asthma in Mexican pediatric patients. Similar observations were made by Nakashima et al. in a Japanese population \[[@R26]\]. Rs2274755 has also been associated with myopia and refractive error as well as with the risk of steroid-induced ONFH in a population from northern China \[[@R19]\]. This is consistent with our results and may explain the similarity between steroid-induced and other forms of ONFH. On the other hand, a study of polyploidal choroidal vasculopathy and age-related macular degeneration showed no association between rs2274755 and those two diseases \[[@R27]\].

MMP-9 expression is stimulated by NF-κB ligand (RANKL), which is essential for osteoclastogenesis \[[@R28]--[@R30]\]. Fujisaki et al. \[[@R31]\] showed that RANKL induces MMP-9 production in osteoclasts, and that it stimulates bone resorption in the presence of interleukin-1α \[[@R31]\]. Thus osteoclast-related MMP-9 may associate with bone resorption in non-traumatic ONFH. The activity of MMPs is controlled in part by endogenous inhibitors, including the tissue inhibitors of metalloproteinases (TIMPs). A limitation of this study is that we did not examine whether *TIMP-2* and *TIMP-1* SNPs associated with ONFH susceptibility. Quantitative measurement of metabolism products in different groups would also enhance our research greatly. The samples that we collected were all from a Chinese Han population living in the north of China. There is the possibility of a type I error (false positive) could be made due to confounding factors.

In sum, we observed that the *MMP9* rs2274755 SNP associates with a lower risk of non-traumatic ONFH in a Han Chinese population. This suggests a relationship between MMP-9 and the risk of non-traumatic ONFH. We believe these results will encourage further studies into the function of MMPs and clarification of the mechanism by which *MMP9* SNPs affect susceptibility to non-traumatic ONFH.

MATERIALS AND METHODS {#s4}
=====================

Study population {#s4_1}
----------------

We conducted a case-control study of 585 non-traumatic ONFH patients and 507 controls matched for age and gender. The research was approved by the Ethical Committee of Zhengzhou Traditional Chinese Medicine Traumatology Hospital. All the participants were recruited between May 2014 and January 2016 from the Zhengzhou Traditional Chinese Medicine (TCM) Traumatology Hospital in Zhengzhou, Henan. The control participants were enrolled at the Zhengzhou Medical Center. This study adhered to the principles of the Declaration of Helsinki. All of the study participants provided informed consent and filled out a questionnaire gathering demographic information. All the control subjects were healthy individuals without osteonecrosis or other diseases.

Inclusion and exclusion criteria {#s4_2}
--------------------------------

Patients were diagnosed with ONFH based on the following criteria \[[@R32]\]. (1) Clinical non-traumatic ONFH symptoms and signs, including hip pain with internal rotation limitation and sometimes with aching of the knee and thigh. Patients often had a history of corticosteroid use, alcoholism, bone marrow disease, infection, or decompression sickness. (2) A low-intensity band on T1-weighted images and "double-line sign" on T2-weighted images. (3) CT scan and pelvic radiographs showed demarcating sclerosis and a "crescent sign" at the femoral head. (4) Radionuclide bone scan had a "cold-in-hot" appearance. (5) Histological examination revealed evidence of trabecular and bone marrow necrosis. Non-traumatic ONFH was diagnosed when a patient exhibited two or more of these five criteria. Those who met the criteria for ONFH were selected. Patients diagnosed based on MRI but were without abnormalities on pelvic radiography were also included for our study. Patients were excluded it they had a history of direct trauma or if there were a possible combination of causes. Patients were also if they had a chronic metabolic disorder affecting the kidney, heart, or liver.

The control subjects were all healthy individuals without osteonecrosis and other diseases. The selection criteria for the controls were: (1) no history of hip pain; (2) no lesions on pelvic radiographs; (3) no history of corticosteroid usage or alcoholism; and (4) no relation to the enrolled patients.

Genotyping {#s4_3}
----------

Genomic DNA was extracted from whole blood using an extraction kit (GoldMag) and stored at -20°C. The DNA concentration was measured using a NanoDrop 2000 spectrophotometer. All SNPs were \>5%, which is the minor allele frequency in the Hap Map of the Chinese Han Beijing population. A total of eight SNPs have been detected in *MMP2 and MMP9*. For genotyping, we used Sequenom MassARRAY Assay Design 4.0 Software \[[@R33]\] and Multiplexed SNP Mass EXTEND assay \[[@R34]\].

Statistical analysis {#s4_4}
--------------------

Statistical analyses were performed using Microsoft Excel and the SPSS 18.0 statistical package (SPSS, Chicago, IL). Values of p \< 0.05 were considered statistically significant. Two-sided χ^2^ tests were used to calculate the genotype frequencies of the case and control individuals \[[@R35]\]. We assessed whether the genotype frequency of each SNP adhered to the Hardy-Weinberg equilibrium (HWE) using Fisher's exact test. The genotype frequencies of cases and controls were compared using the χ^2^ test \[[@R36]\]. We determined odds ratios (ORs) and 95% confidence intervals (95%, CIs) using unconditional logistic regression analysis with adjustment for age and gender \[[@R37]\]. Finally, Haploview software (version 4.2) was used to estimate the pairwise linkage disequilibrium (LD).
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